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(54) Deflection system 

(57) A deflection system (6) for a charged particle 
beam (2), in particular for arrangement in an objective 
lens for a charged particle beam device with a deflection 
means (60) fbr generating a magnetic field acting on the 
charged particle beam (2) and a shield (61) for avoiding 
eddy currents, which sun-ounds the deflection means 
and guides the formed outer magnetic field. The shield 
(61) consists, transversely to the direction of the 
charged particle beam (2), of at least one soft magnetic 
layer which is preferably formed as a strip material and 
rolled up to a cylinder together with an electrically insu- 
lating layer. 
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Description 

The invention relates to a deflection system for a 
charged particle beam and a charged particle beam 
device and/or an objective lens with such a deflection 
system. 

It must be posslt>le to rapidly deflect the charged 
particle beam in charged particle beam devices and, 
here, In particular in electron beam devices such as 
scanning microscopes, electron beam lithography sys- 
tems and electron beam testers. This is necessary both 
for scanning the surface during imaging operations and 
for structure generation in electron beam lithography 
systems. It is aimed at canrying out the scanning of the 
electron beam as quickly as possible in order to firstly 
make a rapkl impression of image and secondly a rapid 
structuring in the electron beam lithography system 
possible. 

A basic differentiation is made between magnetic 
and electrostatic deflection in beam deflection. 

Magnetic deflectors have the advantage that they 
may be disposed outside the vacuum and. due to this, 
they can be integrated into the charged particle beam 
device problem-free, relatively speaking. However, the 
eddy cun^ents formed by the electrically conductive 
material in the neighbourhood of the magnetic deflector 
have a detrimental effect. These eddy currents also 
generate deflection fields which oounter-act those of the 
magnetic deflector. Since tiiese eddy currents increase 
with higher frequencies, magnetic deflectors are limited 
to high deflection frequencies in their frequency behav- 
iour. 

Electrostatic deflectors, on the other hand, are not 
limited in their frequency behaviour. The electrical fields 
are generated by electrodes near the charged particle 
beam. However, the disadvantage of these electrodes 
consists in that they may get contaminated and tiiat 
insulating cover layers may be formed. These may be 
charged by the charged particle beam resulting in 
uncontrolled beam deflections. For this reason, mag- 
netic deflection systems are in general prefenred inas- 
much as this is permitted by their frequency behaviour. 

So far. the most different efforts have been made to 
limit and/or minimise the influence of eddy currents as 
much as possible. In general, there are two types of 
eddy cun-ents: 

1. The first type of eddy cun^ents is formed in the 
beam liner tube which separates the deflection sys- 
tem from tile beam and which is disposed in the 
interior of the deflector. In order to minimise this 
influence, either the wall thickness of the tube is 
made as thin as possible and/or the tube is made of 
a material with a poor electrical conductivity. 

A further production method is the use of an 
electrically insulating tube which is coated with a 
thin, conductive layer on the side facing the beam in 
order to avoki charging by the chsu-ged particle 



beam. Both measures aim at making the electrical 
resistance for the eddy currents as high as possik)le 
in order to attenuate th^. 

5 2. The second type of eddy currents is formed in the 
material surrounding the deflection system at its 
outside. This material is e.g. formed by the iron 
environment of a magnetic lens if the deflection 
system is disposed in the inner bore of tiie mag- 

10 netic lens. Then, the deflection currents generate 
eddy currents in the surrounding, solid, electrically 
conductive material, whose magnetic fields weaken 
the deflection fields. 

15 In order to avoid these outer eddy currents it is 
known from practice to provide the deflection means 
with a shield. This shield is customarily formed by a fer- 
rite cylinder. These ferrite cylinders have the positive 
properties of guiding the magnetic flux, since they have 

20 a high permeability and are, at the same time, electri- 
cally insulating. Due to this, they can carry the outer 
magnetic field and conduct it to tiie opposite magnetic 
coil half of the deflection means without the field pene- 
trating into the surrounding material. Since the ferrite 

25 material is electrically non-conductive, eddy currents 
are thus neither generated in the ferrite cylinder nor in 
the surrounding material, in general in the lens body. 

The shields made of ferrite have, however, the dis- 
advantage tiiat it is very difficult to process them. Sub- 

30 stantially, they can only be ground. Moreover, the 
existing installation space for such shietels is relatively 
small so that shields being as thin as possible are desir- 
able. However, due to tiie poor processability it is very 
difficult to produce thin shields with ferrite material. 

35 Finally ferrite material has in general a high remanence 
which results in remaining residual fields after the 
switching off of the magnetic fields which result in an 
uncontrolled deflection of the charged particle beam. 
Consequently, the invention is based on the object 

40 of providing a shield for the deflection system which 
avoids the aforementioned disadvantages and can be 
produced particularly easily. 

This object Is attained according to tiie invention by 
the characterising features of claims 1 , 6. 13, 1 4. 15 and 

45 16. 

One solution according to the invention consists in 
tiiat the shield consists transversely to the direction of 
tiie charged particle beam of at least of one soft mag- 
netic layer and an electrically insulating layer. 
50 According to a second solution according to the 
invention the shield consists of a soft magnetic and 
electrically insulating strip material which is rolled up to 
a cylinder. 

Since the soft magnetic layer is formed as a strip 
55 material, the shield can be produced especially easily 
as a wound package. The wall thickness of the shield 
deperKis in particular on the magnetic field to be 
shielded. 
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Especially a thin cylinder can be produced by 
w means of the soft magnetic strip material so that the 

shield can be used especially advantageously under 
nanrow spatial conditions. 

Further developments of the invention are the sub- s 
ject matter of the sub-claims and are explained in 
greater detail by means of the description of an example 
of embodiment and the drawing. 

Fig. 1 shows a schematic representation of a to 
charged particle beam device. 

Fig. 2 shows a schematic representation of the 
deflection system according to the invention, and 

15 

Fig. 3 shows a sectional view along line Ill-Ill of Fig. 
2. 

Fig. 1 shows a charged particle beam device 1 with 
which a bundled charged particle beam 2, e.g. an elec- 20 
tron beam, can be produced in an optical column 3. This 
column 3 comprises, in addition to a plurality of mag- 
netic and/or electrical lenses and diaphragms for beam 
formation (not shown here), a source 4 for generating 
the charged particle beam 2 and an objective lens 6 for 25 
focussing the charged particle beam on a specimen 7. 

A deflection system 6 is provided within tiie objec- 
tive lens 5 in order to deflect tiie charged particle beam 
2 as this is e.g. necessary when scanning the specimen 
7. Moreover, a detector 8 is disposed above the objec- 30 
tive lens 5 in order to receive the charged particles 
released at the specimen 7. Moreover a blanking sys- 
tem 9 may be provided, if required. 

The objective lens 5 consists substantially of a 
magnetic lens 50 which is formed in the present case as 35 
a singleiDole lens and an electrostatic lens 51 disposed 
within the magnetic lens. The electrostatic lens has two 
electarodes which can be acted upon with different 
potentials in such fashion that the charged particles, 
e.g. the electrons, are decelerated in the field of tiie 40 
electrostatic lens from a first to a lower second energy 
In the represented example of embodiment the first 
electrode is formed by a beam tube 51a and the second 
elecb-ode is formed by the lower end of the inner pole 
piece 50a connected to ground. However, the second 45 
electrode could also be formed by a separate electrode. 

The magnetic lens 50 consists of an inner pole 
piece 50a and an outer pole piece 50b which is partly 
conically formed in the represented example of embod- 
iment. An excitation coil 50c is provided for exciting the so 
magnetic lens 50. 

The detector 8 is disposed laterally of the optical 
axis of the optical column 3 and comprises two opposite 
detector elements. Apart from that, the detector is 
designed in a manner known per se, e.g. with a scintil- ss 
lator or as a secondary charged particle spectrometer. 

In another example of embodiment not represented 
in greater detail the detector may also be disposed 



ooaxially to the optical axis of the optical column 3. 

Depending upon the application, the detector may 
have a subdivided detector surface whose output sig- 
nals can be processed separately from each other. 

The deflection system 6 is disposed in the interior 
of the magnetic lens 50 between the inner wall formed 
by the inner pole piece 50a and the beam tube 51a. The 
more detailed design of the deflection system 6 will be 
explained In greater detail in tiie following by means of 
Fig. 2 and 3: 

According to the invention the deflection system 6 
consists of a deflection means 60 for generating a mag- 
netic field acting on the charged particle beam 2 and a 
shield 61 for avoiding eddy cunents, which surrounds 
the deflection means and guides tiie formed outer mag- 
netic field. 

The deflection means 60 is e.g. formed by a saddle 
coil or a toroid. 

The shield 61 consists, transversely to the direction 
of tine charged particle beam 2. of at least one soft mag- 
netic layer 61a and an electrically insulating layer 61b. 
The two layers 61a 61b are preferably wound together 
in the form of a cylinder, several layers being superim- 
posed. In the represented example of embodiment the 
shield consists of two soft magnetic layers 61a and two 
electrically insulating layers 61b. 

An especially simple processing can be achieved if 
the soft magnetic layer 61 is formed as a strip material. 
The electrically insulating layer 61b consists e.g. of a 
plastic material and is applied onto the soft magnetic 
layer as an adhesive layer. However, other types of con- 
nection of the two layers, e.g. by means of vapour dep- 
osition or similar processes are also conceivable. The 
layer thickness of tiie electi-ically insulating layer is pref- 
erak^ly less than 100 fjun. 

Rg. 3 shows a section along line Ill-Ill of Fig. 2, the 
inner pole piece 50a of the magnetic lens 50 being addi- 
tionally represented. A deflection field can be generated 
in the interior of the beam tube 51a with the deflection 
system as it is represented in Fig. 3 by way of example 
by means of field lines 60a. The deflection means 60 
and the shield 61 must be designed and arranged in 
such a fashion that the formed outer magnetic field (field 
line 60b) is carried by the shield 61 and guided to the 
other side of the deflection means. 

If tiie distance a between the magnetic lens, i.e. the 
inner pole piece 50a, and tiie shield 61 is too small, an 
undesired transfer of the field into the inner pole piece 
may occur as it is shown by the field lines 60c repre- 
sented in broken lines. The same effect also occurs if 
the wall thickness of the shield 61 is too small so that a 
saturation occurs in tiie shield 61 . 

Since the inner pole piece 50a is a massive, electri- 
cally conductive material, undesired eddy currents are 
formed in the case of a transfer of the field lines which 
counter-act the deflection field (field line 60a). In order 
to prevent the formation of the undesired field (field line 
60c) in the interior of the pole piece 50a, the wall thick- 
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ness of the shield 61c is adapted, on the one hand, in 
such a fashion to the magnetic field generated by the 
deflection means 60 that a saturation does not occur in 
the shield and, on the other, the distance a must be 
selected suffidentiy large. The small installation space 
within the pole piece 50a. however, is opposed to these 
two conditions. 

Consequently, according to the tnverttion a soft 
magnetic material is suggested for the shield, which dis- 
tinguishes itself by a high relative permeability and a 
high saturation induction. 

Iron-cobalt-nickel alloys can in particular be used 
as soft magnetic materials. 

Soft magnetic materials with a relative permeability 
> 10.000 and a saturation induction of more than 0.2 
T come in particular into consideration for the shield 61 
according to the Invention. 

The high remanence also has had an especially 
detrimental effect in the ferrite shields used so far, which 
gives rise to remaining residual fields after the switching 
off of the magnetic fields. These problems can be 
reduced to a great extent, when a soft magnetic mate- 
rial with a coercive field strength of less than 4 A/m is 
used. 

It proved to be especially advantageous in the tests 
on which the invention is based, if a soft magnetic strip 
material with a thickness of less than 500 pim. preferably 
less than 100 \im, is used. This strip material is then 
wound to a cylinder together with the insulating layer in 
a simple manner, the number of windings being 
selected large so that a sufficient saturation capacity is 
achieved. 

If the deflection system Is used in an objective lens 
for a charged particle beam device, shields with a wall 
thickness of less than 1 mm can be achieved in this 
fashion. Due to these wall thicknesses being relatively 
small as compared with customary ferrite cylinders, a 
substantially more compact construction of the deflec- 
tion system can be achieved. 

In a second example of emtxxliment according to 
the invention the shield is formed of a soft magnetic strip 
material which is also electrically insulating and Is rolled 
to a cylinder, in this shield, as well, that many windings 
are used for producing the shield that a sufficient satu- 
ration capacity is given for the generated magnetic field. 

The shields according to the invention are distin- 
guished by a very simple production and a compact 
construction. Due to the latter feature the deflection sys- 
tem can be installed especially advantageously in 
objective lenses for charged partide beam devices, 
where only a relatively small installation space is availa- 
ble. 

Claims 

1 . A deflection system (6) for a charged particle beam 
(2) comprising 



a deflection means (60) for generating a mag- 
netic field acting on the charged partide beam, 
and 

5 • a shield (61) for avoiding eddy currents, which 
surrounds the deflection means and guides the 
formed outer magnetic field. 

characterised in that the shield (61) consists of at 
10 least one soft magnetic layer (61a) and an electri- 
cally insulating layer (61 b) transversely to tiie direc- 
tion of the charged particle beam (2). 

2. A deflection system according to claim 1 , character- 
15 ised in that the shield (61) is cyiindrically formed. 

3. A deflection system according to claim 1 , character- 
ised in that the soft magnetic layer (61a) is formed 
as a strip material which is roiled up to a cylinder 

20 together with tiie electrically insulating layer (60b). 

4. A deflection system according to claim 1 . character- 
ised in that an iron-cobalt-nickel alloy is used for the 
soft magnetic layer (61a). 

25 

5. A deflection system according to daim 1 , character- 
ised in that the electrically Insulating layer (61b) has 
a layer thickness of less than 100 \xm. 

30 6. A deflection system (6) for a charged particle beam 
(2) comprising 

a deflection means (60) for generating a mag- 
netic field acting on the charged particle beam, 
35 and 

a shield (61) for avoiding eddy currents, which 
surrounds the deflection means and guides the 
formed outer magnetic field. 

40 

characterised in that tiie shield (61) consists of a 
soft magnetic and electrically insulating strip mate- 
rial rolled up to a cylinder. 

45 7. A deflection system according to claim 1 or 6, char- 
acterised In tiiat the layer thickness of the soft mag- 
netic layer (61a) is less tiian 500 )im. preferably 
less than 100 ixm. 

50 8. A deflection system according to claim 1 or 6. char- 
acterised in that the relative permeability li^ of the 
soft magnetic layer is higher than 10.000. 

9. A deflection system according to claim 1 or 6, char- 
55 acterised in that the shield (61 ) has a wall thickness 

of less than 1 mm. 

10. A deflection system according to claim 1 or 6, char- 
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acterised in that the ooerdve field strength of the 
soft magnetic layer (61a) is less than 4 A/m. 

11. A deflection system according to claim 1 or 6. char- 
acterised in that the saturation induction of the soft 
magnetic layer is more than 0.2 T 

12. A deflection system according to claim 1 or 6. char- 
acterised in that the nun^er of layers is at least 
selected so large that, due to the formed outer mag- 
netic field, no saturation takes place in the shield 
(61). 

13. An objective lens (5) for a charged particle beam 
device (1) comprising 

a) a magnetic lens (50) for focussing a charged 
particle beam (2), and 

b) a deflection system (6) disposed within the 
magnetic lens (50), containing 

bi) a deflection means (60) for generating 
a magnetic deflection field and 

b2) a shield (61 ) for avoiding eddy currents, 
which sun'ounds the deflection means and 
guides the formed outer magnetic deflec- 
tion field. 

characterised in that the shield (61) consists of at 
least one soft magnetic layer (61a) and an electri- 
cally insulating layer (61b) transversely to the direc- 
tion of tiie charged particle beam (2). 

14. An objective lens (5) fbr a charged particle beam 
device (1) comprising 

a) a magnetic lens (50) for focussing a charged 
particle beam (2), and 

b) a deflection system (6) disposed within the 
magnetic lens (50). containing 

bi) a deflection means (60) for generating 
a magnetic deflection field and 

b2) a shield (61) for avoiding eddy currents, 
which surrourxjs the deflection means and 
guides the formed outer magnetic deflec- 
tion field. 

characterised in that the shield consists of a soft 
magnetic and electrically insulating strip material 
rolled up to a cylinder. 



a) a source (4) fbr generating a charged parti- 
cle beam (2), 

b) and an objective lens (5) having 

5 

bi) a magnetic lens (50) fbr focussing a 
charged particle beam (2) and 

k>2) a deflection system (6) disposed within 
10 the magnetic lens (50), containing 

bai) a deflection means (60) fbr gener- 
ating a magnetic deflection field and 

15 b22) a shield (61) fbr avoiding eddy 

currents, which surrounds the deflec- 
tion means and guides the formed 
outer magnetic deflection field, 

20 characterised in that the shield (61) consists of at 
least one soft magnetic layer (61a) and an electri- 
cally insulating layer (61b) transversely to the direc- 
tion of the charged particle beam (2). 

25 16. A charged particle beam device (1) comprising 

a) a source (4) for generating a charged parti- 
cle beam (2), 

30 b) and an objective lens (5) having 

bi) a magnetic lens (50) fbr focussing a 
charged particle beam (2) and 
k>2) a deflection system (6) disposed within 
35 the magnetic lens (50). containing 

b2i) a deflection means (60) fbr gener- 
ating a magnetic deflection field and 

40 b22) a shield (61) for avoiding eddy 

currents, which sun'ounds the deflec- 
tion means and guides the formed 
outer magnetic deflection field, 

45 Characterised in that the shield consists of a soft 
magnetic and electrically insulating strip material 
rolled up to a cylinder. 
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1 5. A charged particle beam device ( 1 ) comprising 
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